The study was carried out to evaluate the efficacy of neem and wood ash for the control of insect pests infesting three vegetables in the gardening; okra, spinach and sorrel. The plants were sown in a randomize complete block design (RCBD) with four replications. Treatment application starts immediately after germination and continued on 3 days interval. Parameters observed were number of damages and number of insect infestation. These were noted after 6 and 9 weeks of germination. Data collected was analyzed using analysis of variance (ANOVA). The results revealed that there was a significant difference (P>0.05) in the number of damages as well as number of insect pests encountered. Wood ash proved to be more effective in protecting the vegetables against insect pests, since it recorded significant minimum activities of insect pests. Therefore, botanicals such as neem and wood ash could be considered as an effective in alternative method of pest management. The use of biopesticides generally is encouraged since they can proffer solution of controlling insect pest without any environmental concern.
Introduction
In the garden, economic plants such as root vegetables, leaf vegetables, fruits and herbs are grown for human consumption. They are vital supplements require for the support of human wellbeing and prevention of disease [1] , since they contain important food ingredients which can be effectively used to develop and repair the body [2] . In most countries of the world especially in Nigeria, the production of vegetables is on the increase as it remains one of the staple food components [3] . According to Kebede and Gan, the main sources of farm income for small and limited resource farmers in most parts of the world are basically arable crops production, vegetables and vegetable crops [4] . Okra (Abelmoschus esculentus), spinach (Spinacia oleracea) and sorrel (Rumex acetosa) are some of the important vegetable crops that are utilized by human in households on daily basis especially in the sub-Saharan Africa [5] [6] . They are the most commonly grown vegetable crops in the tropics [7] . Their cultivation and production has been widely practiced because of their importance to the economy development and can be found in almost every market in Africa, especially Nigeria [8] [9] . They are rich in protein, vitamins, and minerals [10] [11] .
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Despite the economic importance of these tree plants (Abelmoschus esculentus, Rumex acetosa and Spinacia oleraceae) to humans, the cultivation of these vegetable crops are heavily affected because of the attack by the insect pests, thereby affecting their growth and development, yield performance and market values. Therefore, there is need to protect these vegetables against insects pest attack in the garden so as to produce high yield and insect free/healthy vegetable crops.
Over the years, chemical insecticides have been widely used to control insect pests both in the field and in the store, but unfortunately, the danger of the misuse of insecticides especially to the ecosystem and human health has made farmers and researchers to find an alternative control measure are safe, readily available and biodegradable. The use of neem (Azadirachta indica) and other biopesticides against insect pests of vegetables is gaining much attention [12] . Neem is known for its insecticidal properties against stored product, pests, stem borer etc but little is known on its repellent effect against insects infesting garden plants. Again, there is no much report on the insecticidal properties of wood ash especially on garden plants. Therefore, this study was designed to evaluate the repellant efficacy of neem leaf powder and wood ash on insects infesting garden plants in Mubi.
Materials and methods

Study area
The study was carried out in the Biological Sciences Research Garden of the Adamawa State University, Mubi, Nigeria. Mubi lies between latitude 10°32' N and 10°11' N and longitude 13°12' E and 13°35' E [13] . It has a tropical climate which is determined by the movement of Inter Tropical Convergence Zone (ITCZ) as well as the effect of relief. It is characterized by two seasons, wet and dry season. Rainfall start in April, progressing and attaining its height in August and stop usually in October. Regular annual rainfall levels between 998 mm and 1262 mm [13] .
Collection of materials
Clean seeds of okra, spinach and sorrel were bought from Mubi market, Mubi North, Adamawa state and were treated with seed dressing chemical (Apron Star 42WS) before planting. Fresh neem leaves were collected from the Botanical Research Garden in Adamawa State University, Mubi. These leaves were dried properly in a cupboard in the Biological Sciences Laboratory under room temperature. Thereafter, these leaves were ground into fine powder using electric blender and stored in a plastic container with screw cap top. Wood ash was obtained from burnt fire wood use for cooking; sieved to remove particles/stone and were stored in plastic container properly. The synthetic insecticide (Rambo: permethrin 0.60%) was purchased from agro chemical sell outlet in Mubi main market, and was used as the positive control.
Land preparation
The land used is located at the Botanical Garden, Adamawa State University Campus Mubi. The land was ploughed and harrowed and was mapped into plots of randomized complete block design, and a measurement of 27 m x 19 m was demarcated from the ploughed and harrowed land. This was marked into four plots as replicates per crop (with pegs), to make a total of twelve plots. Each replicate plot contains four plant holes to make a total of 36 plant holes. The distance between each plant hole measures 4 m and 1 m alley between each replicate plot. After the demarcation, the treatment plots were bounded and remolded and was ready for planting.
Seed planting
Planting commenced immediately after land preparation. The inter and intra-row spacing was 100 cm and 50 cm, respectively. Three to five seeds were sown in each planting hole.
Treatment application
Treatment application started 7 days after germination for each plant. The treatments (20 g) were applied at 3 days interval, and lasted for 30 days before the readings were taken after 6 and 9 weeks of treatment application. This was carried out in the morning between 6 am and 9 am. The treatments were applied gently on the leaves and stems of the plants manually using hand. It was ensured that the treatments were applied gently on the right plants to avoid wind blowing across the other plots.
Data collection
Data were collected on the following parameters:
Numbers of damages encountered were noted after 6 weeks and 9 weeks of germination. The types of damages include bored holes on the leaves and stems.
Numbers of insects encountered were noted simultaneously with damages (6 weeks and 9 weeks after germination) and was recorded accordingly.
Data analysis
Data was analyzed using Analysis of Variance (ANOVA) with Statistical Analysis Software (SAS). The mean differences were separated using Least Significant Difference (LSD) at 5% level of significance (P>0.05). Table 1 shows the effects of neem leaf powder and wood ash in the protection of garden plants against insect damage. There was a significant difference (P>0.05) in the number of damages recorded on the three crops treated with neem and wood ash after 6 and 9 weeks of monitoring when compared with the control (untreated experiment). However, the synthetic chemical (Rambo) significantly (P>0.05) reduced the number of damages to the minimum (0.25±0.50) after 9 weeks on okra, and spinach, respectively; and no damage was encountered on sorrel after weeks of treatment with the synthetic chemical. After 9 weeks of monitoring, the damages recorded on the treated plants did not differ significantly (P>0.05), but the control (untreated) significantly recorded higher number of damages. In Table 2 , the mean total number of insects recorded from the 6 and 9 weeks of collection is shown. Generally, there was a significant difference (P>0.05) in the number of insects recorded on the treated plants and the untreated control after 6 and 9 weeks of monitoring. However, the number of insects recorded at 6 weeks of collection on spinach revealed a significant difference (P>0.05) across the treatments. After 9 weeks of monitoring, both neem and wood ash significantly reduced (0.25±0.50) the number of insect infestation on sorrel more than Rambo (the synthetic chemical) which recorded 0.50±0.58 mean number of insects. Compared with the control untreated, the plant treatments significantly (P>0.05) reduced both the damages on the plants as well as insect pests infestation.
Results
Discussion
Comparison of the repellent and protective effect of neem leaf powder and wood ash on three garden plants in Mubi revealed that there was no significant difference (P>0.05). However, compared to the control untreated experiment, the treatments showed some promising effects in the protection of garden plants against insect infestation and damages. This suggests that the neem leaf powder as well as the wood ash contain some insecticidal properties. The repellent effect exhibited by neem products against insect pests has been reported by several authors like Zillur and Shamin [14] , Ganguli [15] , Mochiah et al. [16] etc, who reported that neem does not usually kill insects straight but rather it repels them and that could affect their growth and development. The protectant effect shown by wood ash on vegetable crops in this study agrees with the works of Mochiah et al. reported a significant reduction of insect pest infestation on vegetable crops [16] . The protectant effect shown by wood ash in the study also agrees with Wini et al., where wood ash successfully controlled Sitophilus zeamais in stored maize [17] . The protectant effect could be as a result of the presence of potash which contains potassium as reported by Hume [18] .
It was also revealed from this study that spinach was more susceptible to insect attack as well as the number of damages. This could be that spinach has an attractive component that attracts insect infestation. The order of the susceptibility of garden plants to damage and insect infestation is as follows: spinach>okra>sorrel. The study also revealed that wood ash protected the garden plants more than the neem leaf powder as shown in Table 1 and 2. The wood ash significantly (P>0.05) reduced the activities of the insects on the garden plants confirming its effectiveness as insecticidal. The order of the efficacy of the treatment including the synthetic chemical (Rambo: permethrin 0.60%) in this study is as follows: synthetic chemical (Rambo: permethrin 0.60%) >wood ash >neem leaf powder.
Conclusion
In light of the above results from this study, it is obvious that the treatments showed some promising effect in both the protection of garden plants against insect infestation and number of damage encountered. Although, the comparison of the repellent and protective effect of neem leaf powder showed no significant difference (P>0.05), the wood ash however protected the garden plants more than neem leaf powder as it significantly recorded less damage and fewer number of insects on the garden plants, all but confirmed their efficacy.
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